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[57] ABSTRACT 
An improved magnetic memory system in which binary 
data are stored as cross-tie, Bloch-line pairs, which are 
serially propagated downstream along a cross-tie wall 
in a magnetizable layer by appropriate drive ?elds. The 
magnetizable layer is con?gured into a data track whose 
two opposing edges are formed into patterns of asym 
metrically shaped edges which form successive narrow 
portions with wide portions therebetween, and which 
are formed about the geometric centerline of the data 
track. The improvement comprises forming a plurality 
of energy wells along the geometric centerline of the 
data track and, transverse to the geometric centerline of 
the data track in the areas of the narrow portions where 
the cross-ties are stored but not in the areas of the geo 
metric centerline. 

5 Claims, 7 Drawing Figures 
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DATA TRACK FOR CROSS TIE WALL MEMORY 
SYSTEM 

BACKGROUND OF THE INVENTION 

The propagation of inverted Neel wall sections in a 
serial access memory system was proposed by L. J. 
Schwee in the publication “Proposal on Cross-Tie Wall 
and Bloch-line Propagation in Thin Magnetic Films,” 
IEEE Transactions On Magnetics, Mag 8, #3, Pages 
405-407, September 1972. Such a memory system uti 
lizes a ferro magnetic ?lm of approximatel 81% Ni 
19% Fe approximately 350 Angstroms ( ) thick in 
which cross-tie walls can be changed to Neel walls and 
Neel walls can be changed to cross-tie walls by apply 
ing appropriate ?elds. Associated with the cross-tie 
walls is a section of inverted Neel wall that is bounded 
by a cross-tie on one end and a Bloch-line on the other 
end. 

In such a cross-tie wall memory system, information 
is entered in one end of the serial access memory system 
by the generation of an inverted Neel wall section, 
formed by a cross-tie on one side and a Bloch-line on 
the other, that is representative of the stored binary 1 or 
of a non-inverted Neel wall section, (i.e., the absence of 
a cross-tie, Bloch-line pair) that is representative of a 
stored binary 0). Such information is moved or propa 
gated along the cross-tie wall by the successive genera 
tion, and then the selective annihilation, of inverted 
Neel wall sections at successive memory cells along the 
cross-tie wall. In the L. J. Schwee US. Pat. No. 
3,868,660 and in the publication “Cross-Tie Memoryv 
Simpli?ed by the Use of Serrated Strips,” L. J. Schwee, 
et al., AIP Conference Proceedings, No. 29, 21st An 
nual Conference on Magnetism and Magnetic Materi 
als, 1975, published April 1976, pages 624-625, and in 
the publication “Cross-Tie/Bloch-Line Detection” G. 
J. Cosimini, et al., AIP Conference Proceedings, No. 3, 
23rd Annual Conference on Magnetism and Magnetic 
Materials, 1978, published March 1978, pages 
1828-1830, there have been published some more re 
sults of the further development of Cross-Tie Memory 
Systems. 

In most prior art cross-tie memory systems, the mag 
netic ?lm that functions as a storage medium has the 
property of uniaxial anisotropy provided by its easy axis 
induced magnetic ?elds, which easy axis is generated in 
the magnetic ?lm during its formation in the vapor 
deposition process. This easy axis provides a magnetic 
?eld induced anisotropy that constrains the generation 
of the cross-tie wall along and parallel to the easy axis. 
In the above referenced L. J. Schwee, et al., AIP Publi 
cation, there areoproposed serrated strips of Permalloy 
?lm, about 350 A in thickness and 10 microns (pm) in 
width, which serrated strips are etched from a planar 
layer of magnetic material so that the strips are aligned 
along the easy axis of the ?lm. After an external mag 
netic ?eld is applied normal to the strip length, i.e., 
transverses the easy axis of the ?lm, the magnetization 
along the opposing serrated edges rotates back to the 
nearest direction that is parallel to the edge. This gener 
ates two large domains that are separated by a Neel or 
cross-tie wall that is formed along the centerline of the 
strip. Cross-ties are energetically more stable at the 
energy wells formed by the necks or narrow portions of 
the serrated strips, while Bloch-lines are energetically 
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2 
more stable at the energy wells formed by the wide 
portions between adjacent necks, or narrow portions. 

In the G. J. Cosimini, et al., patent application, Ser. 
No. 20,762, ?led Feb. 23, 1979, now US. Pat. No. 
4,250,565, the disclosure of which is herein incorpo 
rated by reference, there is disclosed a cross-tie wall 
memory system that is comprised of a shift register for 
shifting cross-tie, Bloch-line pairs therealong through a 
plurality of memory cells consisting of a transfer section 
and a store section. The shift register is terminated on 
one end by a cross-tie, Bloch-line pair generator, for 
selectively coupling cross-tie, Bloch-line pairs to the 
shift register, and on the other end by a detector for 
detecting when a cross-tie has been entered therein 
from the shift register. ‘ 
The generator/shift register/detector assembly of G. 

J. Cosimini, et al., is fabricated in three superposed 
layers: a straight-edged current conductive strip line; a 
serrated-edged thin magnetic layer that forms the data 
track along the geometric centerline of which is formed 
and structured the cross-tie wall, and a wide-narrow 
edged current conductive strip line comprised of a plu 
rality of rectangularly shaped wide portions that are 
serially coupled by narrow portions therebetween that 
is terminated on one end by a cross-tie, Bloch-line pair 
generator and on the other end by a cross-tie detector. 
Electronic circuitry controls the current drive signals to 
the straight-edged strip line and/or the wide-narrow 
edged strip line to generate the necessary ?elds for the 
propagation of the cross‘tie, Bloch-line pairs along the 
serrated-edged data track, to the generator to selec 
tively generate, or not, cross-tie, Bloch-line pairs, and to 
the detector to detect the presence, or not, of a cross-tie, 
all in synchronism. The present invention is considered 
to be an improvement of the design of the magnetic data 
track of G. J. Cosimini, et al. 

SUMMARY OF THE INVENTION 

In the present invention there is provided further 
means within the design of the data track of G. J. 
Cosimini, et al.-further with respect to the narrow 
portions of the data track at which the cross-ties are 
more energetically stable and the downstream wide 
portions at which the associated Bloch-lines are more 
energetically stable—for structuring the binary data 
representing cross-tie, Bloch-line pairs along and within 
the data track. This improvement consists of the addi 
tion of areas of decreased data track thickness along the 
data track for forming energy wells that provide an 
increased cross-tie, Bloch-line pair resistance to delete 
rious movement away from the centerline of the data 
track and/or along the cross-tie wall. Energy wells are 
formed between opposing necks or within the narrow 
portions of the data track, transverse the data track’s 
centerline, between adjacent narrow portions of the 
data track but not in the areas of the cross-tie or the 
Bloch-line, for producing a magnetostatically favorable 
position for a Bloch-line thereat. These energy wells 
provide an increased resistance to the creep or move 
ment of the cross-tie wall, and the associated cross-tie, 
Bloch-line pairs, when subjected to repetitive memory 
drive ?eld cycling, and a correspondingly improved 
memory operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of the data track of the present 
invention illustrating the positioning of the energy wells 
spaced along the center line of the data track and trans 
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verse the'data track in the areas of the narrow portions 
thereof. . ,- . . 

, FIG. 2 is an enlarged illustratiomof a portion of- the 
data track of FIG. :1 illustrating the positioning of the 
energy wells within the ,data track. 1 - . 

FIG. 3 is an illustration of a cross-section of the data 
track of FIG. 2 taken along-line 3~3 thereof illustrating 
the positioning of the energy wells transversethe data 
track’s centerline in the area of the narrow portion 
thereof. _. . 

FIG. 4 is an illustration of a cross-section of the data 
track of FIG. 2taken along line 4,—4 thereof illustrating 
the positioning of the energy wells that are oriented 
along the centerline, of the data track. 
FIG. 5 is an illustration of a cross-section of the data 

track of FIG. 2 taken along line 5—5 thereof illustrating 
the wide portion of the data track between adjacent 
energy wellsv along. the centerline of the data track 
wherein the Bloch-line is oriented. 1. 
FIG. 6 is a plot of average longitudinal drive =?eld 

intensity versus ion milling time duration tomove a 
cross-tie wall away. from the centerline of .the data 
track. i , . 

‘ FIG. 7 is a plan view of a data track similar to that of 
FIG. 1 in which the energy well along the centerline of 
the data track is continuous. I . 

DESCRIPTION OF THE PREFERRED" 
EMBODIMENT ' 

>With particular reference to FIG. 1, there is pres 
ented an illustration of a magnetizable data track 10 
such .as that of the hereinabove referenced G. J. 
Cosimini, et al, patent into which thepresent invention 
has been incorporated. Data track 10 is formed of a 
layer, of 817g Ni-l9% Fe and of a thickness in the range 
250 A-400 A but preferably of 350 A thick, that is con 
?gured into a strip whose two opposing edges are 
formed into‘mirror-imaged, uniformly spaced, repeti 
tive patterns of asymmetrically shaped edges which 
repetitive patterns are formed of successive narrow 
portions forming wide portions therebetween and 
which are formed about the geometric centerline 12 of 
the strip. As is Well known, such data track 10 when 
affected by the proper drive ?elds establishes a cross-tie 
wall 14 along its geometric center line 12. Preferably, 
the ?lm strip forming data track 10 is isotropic, i.e., has 
substantially zero magnetic ?eld induced anisotropy, 
and utilizes its shape, i.e., its edged contour, to constrain 
cross-tie wall 14 within the planar contour of and along 
the geometric centerline or longitudinal axis 12 of data 
track 10. On the collapse of the drive ?elds that estab 
lish the cross-tie wall 14 along the geometric centerline 
12, the magnetization in data track 10 is established in 
twoanti-parallel directions about the cross-tie wall 14 as 
denoted by arrows 16 and 18. This mechanism for the 
establishment of the anti-parallel magnetic domains 
above and below the-cross-tie wall 14 is more fully 
discussed in the L‘. H. Johnson, et al., US. Pat. No. 
4,075,612. Propagation of the cross-tie 20, Bloch-line 22 
pair is from right to left in the downstream direction as 
denoted by arrow 24. ~ > 

In the prior art, as in the hereinabove referenced G. J. 
Cosimini, et al., patent, data track 10 is con?gured into 
a strip whose two opposing edges are mirror-imaged, 
uniformly spaced, repetitive patterns of asymmetrically 
shaped edges whichrepetitive patterns are formed of 
successive narrow portions forming wide portions 
therebetween. These narrow portions provide areas in 
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data track 10 at which the cross-ties 20 are more ener 
getically stable than at anyother position, such as at'the 
wide portions between the adjacent narrow portions 
within data track 10. The wide portions between adja 
cent narrowportions provide areas at which the Bloch 
lines are more energetically stable, than at the succes 
sive narrow portions, than any other area within data 
track 10. Thus, the geometric conformation of the op 
posing edge patterns of data track 10 establishes areas at 
which the cross-tie, Bloch-line pairs are more energeti 
cally stable than any other position within data track 10. 
However, it has been determined that successive appli 
cations of drive ?elds to data track 10 cause cross-tie 
wall 14 and the associated cross-tie 20, Bloch-line 22 
pairs therealong to move away from their initially most 
energetically stable states. 
The present invention includes the following: 
forming a.-plurality of energy wells along the geomet 

ric centerline of the data track but not in the areas of the 
narrow portions and the wide portions where the cross 
tie and the Bloch-line, respectively, are stored; and, 
forminga plurality of energy wells transverse the 

geometric centerline of the data track in the areas of the 
narrow portions where said cross-ties are stored but not 
in the areas of the geometric centerline. 

Energy. wells 26 and 28 are formed in the magnetiz 
able layer of 81% Ni-l9% Fe of 350 A in thickness of 
which data track 10 is formed by,_.e.g., an ion milling 
technique .in the top surface thereof—see the publica 
tion “Microstructure Arrays Produced By Ion Mill 
ing”, E. G. Spencer, et al., Journal of ;Applied Physics, 
Volume 17, #8, Oct. 15, 197i), pages 328-332--0r by 
any o?many other various techniques, such as chemical 
etching. . ‘ 

Withv particular reference to FIG. 2, there is pres 
ented an enlarged view of a portion of data track 10 
illustrating in greater detail the planar conformation of 
energy wells 26 and'28 and their orientation within data 
track 10. A plurality of energy wells 26 are formed 
along the geometric centerline 12 of data track 10 but 
not in the areas of the narrow portions 34 and the wide 
portions 36 of data track 10 where cross-ties 20. and 
Bloch-lines 22, respectively, are stored'in their most 
energetically stable state. Additionally, a plurality of 
energy wells 28 are formed in data track 10, transverse 
to the geometric centerline 12 of data track’ 10, only in 
the areas of the narrow portions 34 ofv data track ‘10 
where the cross-ties 20 are stored in their most energeti 
cally stable state but not in the areas of the geometric 
centerline 12. As illustrated in FIG. 2, the gaps 30 be 
tween adjacent energy wells 26 establish relatively ?xed 
positions for Bloch-lines 22 while at rest, while gaps 32 
between adjacent longitudinal energy wells 26 and 
transverse energy wells 28 establish relatively ?xed 
positions for cross-ties 20 when at rest. These gaps 30 
and 32 and their associated energy wells 26 and 28, 
respectively, establish substantially improved atr'est 
positions for the Bloch-line 22, cross-tie 20.pairs during 
their propagation through data track 10 in their down 
stream direction denoted by arrow 24 when subjected 
to the proper drive ?elds, all as taught in the herein 
above referenced G. J. Cosimini, et al., patent. 
With ‘particular reference to FIG. 3, there is pres 

ented an illustration of a crossisection' of data track 10 of 
FIG. 2 taken along line: 3-3 thereof illustrating the 
cross-sectional contour of the energy wells 28 along the 
narrow portion 34 of data track 10. As discussed herein 
above, energy wells 28 and 26 may be formed by an ion 



4,418,400 
5 

milling technique wherein sufficient material is re 
moved from the top surface of data track 10 to tq form 
grooves 28 (and 26) having a depth of =100 A and 
leaving a minimum thickness of 250 A in data track 10. 
With particular reference to FIG. 4, there is pres 

ented an illustration of a cross section of data track 10 of 
FIG. 2 taken along line 4——4 thereof illustrating the 
cross-sectional contour of data track 10 in the areas 
between adjacent wide portions 36 and narrow portions 
34 of data track 10. 
With particular reference to FIG. 5 there is presented 

an illustration of a cross section of data track 10 of FIG. 
2 taken along line 5—~5 thereof illustrating the cross-sec 
tional contour of data track 10 in the area of the wide 
portion 36 between adjacent narrow portions 34 and in 
the area of gap 30 between adjacent energy wells 26. 
With particular reference to FIG. 6 there is presented 

a plot of averagelongitudinal drive ?eld-parallel to 
geometric centerline 12—intensity required to move the 
cross-tie wall 14 away from its initial position along 
geometric centerline 12 versus ion milling duration, 
which at 60 seconds is equal to an energy well depth of 
approximately 100 A. The data were taken using a data 
track 10 of approximately 81% Ni-l9% Fe, 330 A in 
thickness in which the noted curves were taken from a 
data track 10 having the noted narrow portion dimen 
sions and with the necks 38 being sharp—as in FIG. 
2——or rounded: 
Curve 40—l4 um wide narrow portion 34 with 
rounded neck 38. 

Curve 42-—l4 pm wide narrow portion 34 with sharp 
neck 38. ‘ 

Curve 44-—l6 pm wide narrow portion 34 with sharp 
neck 38. 

Curve 46--19 um wide narrow portion 34 with 
rounded neck 38. 

FIG. 6 illustrates that an increasing energy well 
depth i.e., an increasing ion milling duration, causes a 
corresponding (approximately linear) increase in the 
intensity of the longitudinal drive ?eld that is necessary 
to move the cross-tie wall 14 away from the geometric 
centerline 12 of data track 10. Accordingly, it has been 
shown that the use of the energy wells 26 and 28 as 
spaced along and about the cross-tie wall 14 in data 
track 10 provides a cross-tie wall memory system that is 
substantially less susceptible to a degrading operation 
due to repetitive, i.e., 10,000,000 memory drive ?eld 
propagation cycles. 
With particular reference to FIG. 7 there is presented 

an illustration of a magnetizable data track 40 similar to 
that of data track 10 of FIG. 1 in which the energy wells 
46 are transverse, but not in the area of, the geometric 
centerline 44, or the cross-tie wall 48, of data track 40, 
but in which the energy well 42 is continuous along the 
geometric centerline 44. 
What is claimed is: 
1. In a magnetic memory system in which binary data 

are stored as inverted Neel wall sections about the 
Bloch-lines of associated cross-tie, Bloch-line pairs, 
which cross-tie, Bloch-line pairs are generated in and 
are serially propagated downstream along a cross-tie 
wall in a magnetizable layer by appropriate drive ?elds, 
said magnetizable layer being con?gured into a data 
track forming strip whose two opposing edges are 
formed into mirror-imaged, uniformly spaced, repeti 
tive patterns of asymmetrically shaped edges which 
repetitive patterns are formed of successive narrow 
portions, forming wide portions therebetween, and 
which are formed about the geometric centerline of the 
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6 
data track for establishing said cross-tie wall along said 
geometric centerline and structuring each of said cross 
ties along said cross-tie wall and at a narrow portion of 
said data track and the associated Bloch-line at the next 
adjacent downstream wide portion of said data track, 
the improvement comprising: 

forming a plurality of energy wells along the geomet 
ric centerline of said data track but not in the areas 
of said narrow portions and said wide portions 
where said cross-ties and said Bloch-lines, respec 
tively, are stored; 

forming a plurality of energy wells transverse said 
geometric centerline in the areas of said narrow 
portions where said cross-ties are stored but not in 
the areas of said geometric centerline; 

forming a continuous cross-tie wall along said geo 
metric centerline and within said plurality of en 
ergy wells that are formed along said geometric 
centerline; and, 

forming two large domains of opposite polarity on 
opposite sides of said continuous cross-tie wall, the 
polarities of which are parallel to said continuous 
cross-tie wall. 

2. The improvement of claim 1 in which said energy 
wells are formed in the surface of said data track by 
removing a portion thereof for forming said energy 
wells as grooves in said data track. 

3. The improvement of claim 2 in which the depths of 
said groovesoin said data track leave a minimum thick 
ness of 250 A of said magnetizable layer. 

4. In a magnetic memory system in which binary data 
are stored as inverted Neel wall sections about the 
Bloch-lines of associated cross-tie, Bloch-line pairs, 
which cross-tie, Bloch-line pairs are generated in and 
are serially propagated downstream along a cross-tie 
wall in a magnetizable layer by appropriate drive ?elds, 
said magnetizable layer being con?gured into a data 
track forming strip whose two opposing edges are 
formed into mirror-imaged, uniformly spaced, repeti 
tive patterns of asymmetrically shaped edges which 
repetitive patterns are formed of successive narrow 
portions, forming wide portions therebetween, and 
which are formed about the geometric centerline of the 
data track for establishing said cross-tie wall along said 
geometric centerline of the data track for establishing 
said cross-tie wall along said geometric centerline and 
structuring each of said cross-ties along said cross-tie 
wall and at a narrow data track and the associated 
Bloch-line at the next adjacent, downstream wide por 
tion of said data track, the improvement comprising: 

forming a continuous energy well along the geomet 
ric centerline of said data track; 

forming a continuous cross-tie wall along said geo 
metric centerline and within said continuous en 
ergy well; 

forming two large domains of opposite polarity on 
opposite sides of said continuous cross-tie wall, the 
polarities of which are parallel to said cross-tie 
wall; and 

forming a plurality of energy wells transverse the 
geometric centerline of said data track in the areas 
of said narrow portions where said cross-ties are 
stored but not in the area of said continuous energy 
well. 

5. The improvement of claim 4 in which said energy 
well is formed in the surface of said data track by re 
moving a portion thereof for forming said energy well 
as a groove in said data track. 

'41 $ * * 56 . 


